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Description 

This invention relates to heating apparatus and in 
particular to heating apparatus for heating liquid such 
as a water heater, shower, washing machine, dishwash- 
er, and kettle. 

It is known to provide electric heating elements 
comprising a conductive coil of wire or strip of metal 
through which electric current is passed to heat the el- 
ement. 

Where it is required to provide electrical heating for 
fluids such as water contained in a chamber defined by 
a vessel, an electrical heating element generally needs 
to be supported within the chamber or is located exter- 
nally of the chamber at a location where heat is conduct- 
ed or radiated to the vessel. 

It is known from AT-A-344289 to mount a heating 
element on a substrate constituting a heated portion of 
a vessel. The need to provide a separate structure to 
support the heating element is thereby avoided. How- 
ever, here the heating element comprises a metal foil 
type element which is embedded in a heat resitant base 
material such as silicone rubber. 

It is also known from NL-A-8300308 to provide a 
heating element in the form of a thick film circuit on a 
metal substrate. However, for heating liquids it is stated 
that continuous resistive film is preferred. 

In EP-A-0201 967 is disclosed a heating device for 
an electric iron wherein a heating device is embedded 
in a ceramic iayer using a thick film technique. The ce- 
ramic layer is in the form of an enamelled metal plate 
which forms the sole of the iron. 

According to the present invention there is provided 
heating apparatus comprising a vessel defining a cham- 
ber for heating liquid, and an electric heating element 
which is arranged to heat a heated portion of the vessel 
and which comprises a conductive track of a thick film 
printed circuit, the thick film printed circuit comprising a 
plurality of dielectric layers with the conductive track be- 
ing formed on an uppermost dielectric layer and a low- 
ermost layer being adhered to a metal substrate consti- 
tuted by the heated portion of the vessel, and charac- 
terised in that the coefficient of thermal expansion of the 
uppermost dielectric layer is approximately equal to that 
of the conductive track and the coefficient of thermal ex- 
pansion of the lowermost dielectric layer is approximate- 
ly equal to that of the metal substrate. 

Preferably, the metal substrate comprises a stain- 
less steel substrate with a chromium oxide surface layer 
formed by firing the stainless steel substrate at a tem- 
perature in the range 850°C to 900*0 inclusive to which 
chromium oxide surface layer said lowermost dielectric 
layer is adhered. 

Preferably also, the apparatus includes a tempera- 
ture sensing means comprising a thermistor formed as 
a conductive track of measurable resistance on the thick 
film circuit. The apparatus may also include a thermal 
cut-out connected to the temperature sensing means 



and arranged to cut off the flow of electric current 
through the heating element when the temperature 
sensed by the temperature sensing means exceeds a 
limiting value. 

5 A control means may also be connected to the tem- 
perature sensing means and a current regulating circuit 
be operable to regulate current flowing through the heat- 
ing element in response to a signal from the control 
means. 

10 The vessel may further comprise an air duct and 
blower means operable to provide a flow of air through 
the duct and wherein at least the heated portion of the 
vessel is located within the duct whereby the apparatus 
is operable to supply heated liquid and/or heated air. 

15 Such an arrangement is particularly useful in do- 
mestic water heaters for showers and the like where the 
apparatus may also be used to supply hot air to assist 
drying. It is therefore no longer necessary to provide a 
separate structure to support a hot air heating element. 

20 Preferably, the vessel includes an inlet connectable 
in use to a source of liquid and an outlet for the delivery 
of heated liquid from the chamber, the temperature 
sensing means extending into proximity with the outlet 
to sense the temperature of liquid flowing from the outlet 

25 and the current regulating circuit being located adjacent 
to the inlet. 

Since a heating element in accordance with the 
present invention has an inherently low thermal capacity 
it makes it suitable for use in a heating apparatus where 

30 temperature of the heated liquid is controlled in a closed 
feedback loop arrangement. 

Advantageously, the heating apparatus further 
comprises a valve connected in series with the inlet and 
operable to continuously vary the flow of liquid through 

35 the chamber, the valve being provided with a valve sen- 
sor operable to provide a disabling signal to the control 
means representative of the valve setting to provide a 
flow rate of liquid below a threshold level, wherein the 
control means is operable to turn off the current to the 

40 heating element in response to the disabling signal. 

The disabling signal thereby serves as a safety cut- 
out to prevent overheating of the heating element when 
the flow of liquid through the chamber is reduced to a 
very low level. Where the current regulating circuit is 

*5 formed on the substrate of the heating element it is also 
desirable to operate the circuit only when there is a sig- 
nificant flow of liquid through the chamber to ensure that 
the circuit does not overheat. The circuit will typically be 
located upstream of the heating element with respect to 

50 the flow of liquid so that it is cooled by incoming liquid 
to the chamber. 

Particular embodiments of the present invention will 
now be described by way of example only and with ref- 
erence to the accompanying drawings of which: - 

55 

Figure 1 is a perspective view of heating apparatus 
comprising a heater assembly for heating liquid; 
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Figure 2 is a front elevation of an alternative heating 
apparatus comprising a combined water generator 
and hot air blower unit; 

Figure 3 is a side elevation of the unit of Figure 2; s 

Figure 4 is a perspective view of an alternative heat- 
ing apparatus comprising a heated panel for use in 
a washing machine; 

10 

Figure 5 is a perspective view of a tubular heating 
apparatus for heating liquid; 

Figure 6 is a perspective view of a collar of the ap- 
paratus of Figure 5; 15 

Figure 7 is a schematic diagram of a further alter- 
native apparatus comprising a water heater for a 
shower; 

20 

Figure 8 is a front elevation of a heater assembly of 
the heating apparatus of Figure 7; 

Figure 9 is a sectioned elevation of a further alter- 
native apparatus comprising a water heater for a 25 
shower; 

Figure 10 is an elevation of the heater assembly of 
Figure 9 showing a heating element and control 
unit; 30 

Figure 11 is a sectioned elevation of an alternative 
apparatus comprising a kettle; and 

Figure 1 2 is an underneath view of the heating ele- 3$ 
ment of the kettle of Figure 11 . 

In each of the examples of heating apparatus de- 
scribed below, the thick film circuit is formed by initially 
firing a stainless steel substrate in an oven to form a 40 
chromium oxide surface layer, the firing process being 
carried out at a temperature of 850°C to 900°C. A first 
dielectric adhesion layer is then adhered to the oxidised 
steel substrate, the adhesion layer being selected to 
have a coefficient of thermal expansion approximately 45 
equal to that of the steel, One or more further separate 
coating are then separately applied such that the final 
coating has a coefficient of thermal expansion approxi- 
mately equal to a thick film ink. 

A thick film circuit layout is then applied by silk- so 
screen printing in which a conductive track constituting 
the heating element and a resistive track constituting a 
temperature sensor are printed. An encapsulating layer 
may then finally be applied over the completed circuit. 
In the case of tubular heating apparatus, as will be de- ss 
scribed with reference to Figures 5 and 6, the printing 
process requires printing onto a cylindrical surface and 
known techniques exist for such printing in which the 



substrate is rotated about its cylindrical axis during ap- 
plication of printed layers. 

The thick film circuit may be applied only to one face 
of the steel sheet or pipe as will be described with ref- 
erence to the examples in Figures 1 to 6. Alternatively, 
the steel sheet or pipe may receive a dielectric coating 
on both faces. This provides the additional advantage 
of a protected surface being exposed to the fluid to be 
heated. 

The heating element may be formed of pure nickel 
or, alternatively of other conducting materials such as 
silver, silver palladium or carbon, for example. 

The heater assembly 1 of Figure 1 comprises a ves- 
sel 2 which resembles in external appearance a flat- 
tened bottle having parallel generally flat front and rear 
faces 3 and 4 respectively. 

An inlet pipe 65 and an outlet pipe 6 are integrally 
formed with first and second end portions 27 and 28 re- 
spectively of the vessel 2 for the inlet and outlet of liquid 
in use. The pipes 5 and 6 include threaded connectors 
7 suitable for connection to conventional water pipe cou- 
plings. The end portions 27 and 28 are formed of a high 
melting point plastics material. 

Front and rear plates 70 and 71 respectively extend 
between the end portions 27 and 28 and are connected 
by side panels 72 and 73 such that the end portions, 
front and rear plates and side panels together define a 
chamber communicating with the inlet and outlet pipes 
5 and 6. The plates 70 and 71 are sealed to the side 
panels 72 and 73 by gaskets 74 and secured by screws 
9. 

Each of the plates 70 and 71 constitutes a stainless 
steel substrate of a thick film circuit comprising a dielec- 
tric layer 75 upon which is formed a heating element 10. 

The heating element 10 comprises a conductive 
track of pure nickel having first and second end portions 
11 and 12 respectively with which electrical contact is 
made by means of spring contacts 13 and 14 respec- 
tively of electrical terminals 15 and 16 respectively. The 
heating element 10 follows a path which is of square 
wave appearance in plan view such that the length of 
the track is about three times the separation between 
the terminals 1 5 and 1 6 and the effect of passing electric 
current through the track is to provide heat in a pattern 
distributed over substantially the whole of the plate 70. 

A resistive track 17 formed of a standard thick film 
resistor material is also formed on the dielectric layer 
75. The resistive track 17 has first and second end por- 
tions 18 and 19 with which electrical contact is made by 
spring contacts 20 and 21 respectively of terminals 22 
and 23 respectively. The resistive track 17 is inter-digi- 
tated with the heating element 10 and constitutes a ther- 
mistor arranged to sense the overall temperature of the 
plate 70. 

The plate 70 is additionally provided with an earth 
terminal 24 which is connected to the substrate by a tag 
25. 

A further heating element (not shown) correspond- 
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ing to heating element 10 is mounted on the rear plate 
71 of the vessel 2 and is referred to using corresponding 
reference numerals for corresponding elements. 

In use as a water heater, water is admitted to the 
inlet pipe 5 and delivered from the outlet pipe 6 whilst 
each heating element 10 is energised by applying a volt- 
age across terminals 15 and 16. Electric current flowing 
through the heating elements 1 0 provides heat which is 
conducted through the plates 70, 71 to heat the water. 
The temperature of the heating elements 10 is sensed 
by a suitable control circuit (not shown) which senses 
the resistance of resistive track 1 7 and provides a ther- 
mal cut-out if the temperature of the plate exceeds a 
threshold value. 

The plates 70, 71 are earthed by connecting the 
earth terminals 28 to a suitable earth point. 

The end portions 27 and 28 may alternatively be 
formed of metallic material. If connected to a water sup- 
ply comprising metal piping then such a metallic vessel 
would include thermally and electrically isolating pipe 
connectors to isolate the vessel from water supply ap- 
paratus. 

The heating apparatus 1 may be used as a domestic 
water heater and may for example be incorporated in a 
shower unit. 

Apparatus 30 shown in Figures 2 and 3 incorpo- 
rates the heating apparatus 1 shown in Figure 1 in a 
combined water heater and hot air blower unit 31. 

Corresponding reference numerals to those of Fig- 
ure 1 are used where appropriate for corresponding el- 
ements. 

The unit 31 comprises a housing 32 which is gen- 
erally rectangular in shape and has a rear wall 33 se- 
cured to a supporting structure 34. The housing 32 de- 
fines an air duct 35 extending from an inlet 36 to an outlet 
37 and an electrically operated air blower 38 and is op- 
erable to provide a flow of air through the duct. 

The heater assembly 1 is supported in the duct 35 
such that the plates 70 and 71 are parallel to the rear 
wall 35 and the relative positions of the inlet 36 and out- 
let 37 are such that the air flow in the duct passes over 
the heating elements 10 in a downward direction. 

The inlet pipe 5 of the heater assembly 1 is connect- 
ed to a water supply pipe 39 which projects from the 
supporting structure 34 and through the rear wall 33 into 
the air duct 35. Similarly the outlet pipe 6 is connected 
to a water outlet pipe 40 extending through the rear wall 
33 and into the supporting structure 34. 

The housing 32 has a front wall 41 upon which are 
mounted control switches 42 and a thermal cut-out cir- 
cuit 43. 

In use to supply hot water a user operates a water 
flow control valve (not shown) to permit water to flow 
through the vessel 2 of the heater assembly 1 and con- 
trol switches 42 are operated to energise the heating 
elements 10. Water flowing through the vessel 2 will 
therefore be heated to a temperature dependent upon 
the flow rate and the amplitude of heating current. If the 



flow of water is interrupted then overheating of the plates 
70 and 71 above a threshold limit may occur in which 
case the thermal cut-out circuit 43 operates to discon- 
tinue the heating current. 
5 The unit 31 may alternatively be operated as a hot 
air blower by actuating control switches 42 to energise 
the air blower 38 and the heating elements 1 0 whilst the 
water control valve remains closed. Air drawn in through 
the inlet 36 flows through the duct 35 and is heated by 
10 the heating elements 10 to emerge from the outlet 37 
as hot air. The unit 31 may if required be used to deliver 
simultaneously both hot water and hot air by opening 
the water control valve. 

The unit 31 may be incorporated in a shower unit in 
15 which the water outlet pipe 40 is connected to a shower 
nozzle and the hot air outlet 37 is positioned to assist 
drying after use of the shower. The unit 31 may alterna- 
tively be used to supply hot water to a tap or faucet of a 
wash basin or bath. 

Figure 4 shows an underneath external view in per- 
spective of a drum 51 of a washing machine 52 which 
includes a heated panel 50. The drum 51 constitutes a 
vessel defining a chamber receiving water in use. The 
heated panel 50 is constructed in similar manner to the 
panel 70 of the apparatus of Figure 1 and corresponding 
reference numerals are used where appropriate in de- 
scribing corresponding elements. 

The heated panel 50 comprises a stainless steel 
plate 70 which forms the substrate of a thick film printed 
circuit in which a heating element 10 is printed onto a 
dielectric layer 75 on one side of the plate. The plate 70 
is oriented such that the circuit is formed on a face which 
is external to the drum 51 and the other face of the plate 
which is of stainless steel forms part of the inner surface 
of the drum. A temperature sensing resistive track 17 is 
similarly provided and connected via terminals 22 and 
23 to a thermal cut-out circuit. 

The drum 51 has a cylindrical wall 53 in which a 
rectangular aperture is formed and the plate 70 is con- 
nected to the wall 53 by screws 9 so as to close the ap- 
erture. A sealing gasket 74 provides a peripheral seal 
to the plate 70. 

A tubular heating aparatus 80 is shown in Figure 5 
and comprises a stainless steel pipe 81 having first and 
second end portions 82 and 83 connected to conven- 
tional fluid pipe couplings 84 and 85 respectively formed 
of a high melting point plastics material. 

A thick film printed circuit 86 is formed on a middle 
portion 87 of the pipe 81 such that the middle portion of 
the steel pipe serves as a substrate for the thick film 
circuit. 

First and second heating elements 88 and 89 re- 
spectively are printed on the printed circuit 86 in the form 
of conductive tracks of pure nickel. The heating ele- 
ments 88 and 89 are each of helical shape and of equal 
pitch and initiate from diametrically opposed locations 
so as to remain spaced apart throughout the length of 
the pipe 81. A resistive track 90 is also printed on the 
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printed circuit 86 and follows a helical path of equal pitch 
to that of the heating elements 88 and 89 so as to remain 
electrically isolated from each of the heating elements. 

At each end portion 82 and 83 electrical connection 
is made with the heating elements 88 and 89 and the 
resistive track 90 respectively by means of a respective 
collar 91 as shown in Figure 6. Each collar 91 is formed 
of an insulating material and carries electrical terminals 
92, 93 and 94 which make contact with the heating ele- 
ments and the resistive track respectively. 

The tubular heating apparatus 80 may be used to 
heat liquid by passing liquid through the pipe 81 and en- 
ergising one or both of the heating elements 88 and 89 
by connection to a source of electrical current. The re- 
sistive track 90 may be connected to a thermal cut-out 
circuit arranged to cut off the electric current if the tem- 
perature of the pipe 81 exceeds a threshold value. 

A further alternative apparatus 1 00 is shown in Fig- 
ure 7 constituting a hot water supply system 101 for a 
domestic shower unit. 

The apparatus 100 comprises a heater assembly 
1 02 shown in Figure 8 and which is similar to the heater 
assembly 1 of Figure 1. Corresponding reference nu- 
merals to those of Figure 1 are used where appropriate 
for corresponding elements. The heater assembly 102 
however includes a modified front plate 103 in which 
heating element 10 is connected to a current regulating 
circuit 104 in the form of a thick film circuit mounted on 
the dielectric layer 75. The current regulating circuit 1 04 
is of the TRI AC type and receives current from a mains 
supply via conductors 105. The circuit 104 is also con- 
nected to a control unit 106 to receive a control signal 
1 1 3 as illustrated in Figure 7. 

The current regulating circuit 104 also includes a 
thermal cut-out arranged to shut off power to the heating 
element 10 in the event of overheating being sensed. 
The heater assembly 102 has an outlet pipe 6 to which 
is mounted a temperature sensor 107 having an output 
112 which is connected to the control unit 106 as illus- 
trated in Figure 7. 

The heater assembly 102 has an inlet pipe 5 to 
which is mounted a manually operated flow control valve 
108 with a flow rate setting control 109. The flow control 
valve 108 is capable of continuous adjustment of flow 
rate between a minimum flow rate and a maximum flow 
rate in which the valve is fully opened. Actuation of the 
flow rate setting control 109 to produce a flow less than 
a predetermined minimum flow rate results in the flow 
being completely shut-off. The minimum flow rate is in 
this example 10% of the maximum flow rate. 

The flow control valve 108 is also provided with 
electric contacts (not shown) responsive to the valve 
setting being such as to provide less than the predeter- 
mined minimum flow rate, the contacts being arranged 
so as to produce a control signal 110 which is input to 
the control unit 106. 

A temperature setting control 1 1 1 is provided on the 
control unit 106. 



In use, where the outlet pipe 6 is connected to a 
shower nozzle, a user first selectes a required temper- 
ature using the temperature setting control 111 and 
turns on the flow of water using the flow rate setting con- 

s trol 109 until a required flow rate is received. A supply 
of heating current is delivered to the heating element 1 0 
by the current regulating circuit 104 in response to a 
command signal 1 1 3 from the control unit 1 06 and water 
passing through the heater assembly 1 02 is heated. The 

10 temperature of water passing through the outlet pipe 6 
is sensed by the temperature sensor 1 07 and the control 
unit 106 responds to the output signal 112 of the tem- 
perature sensor by varying the control signal 11 3 to the 
current regulating circuit 104 such that the temperature 

75 is stabilised at the selected temperature. 

The hot water supply system 101 is thereby provid- 
ed with a closed feedback control of temperature. When 
the user wishes to turn off the flow, the flow rate setting 
control 1 09 is set to zero flow thereby generating a con- 

20 trol signal 110 which is received by the control unit 106 
and results in the current regulating circuit 104 being 
turned off. 

The control unit 1 06 includes a safety feature to de- 
tect any failure of the mains water supply which would 

2$ reduce to zero or near zero the flow of water. The control 
unit 106 is for this purpose provided with a trip circuit to 
shut off power to the heater assembly 1 02 when the con- 
trol signal 11 3 to the current regulating circuit 1 04 drops 
below a threshold level (say 1 0% of the maximum signal 

30 level). In the event of failure of the mains water supply 
the flow control valve 1 08 remains open but the rate of 
flow decreases so that progressively less current is re- 
quired to maintain the temperature at its controlled level. 
The value of control signal 113 therefore progressively 

35 decreases until the threshold level is reached. 

The current regulating circuit 1 04 is mounted on the 
front plate 1 03 at a location upstream of the heating el- 
ement 1 0 so that the front plate acts as a heat sink which 
is cooled by the flow of water. It is therefore not neces- 

40 sary for a separate heat sink to be provided for the cur- 
rent regulating circuit 104. 

The heater assembly 102 allows the use of feed- 
back control of water temperature in a shower by virtue 
of the low thermal capacity of the plate 103 and heating 

4 $ element 1 0 when compared with prior art water heaters 
for this use. 

The heater assembly 102 thereby enables the tem- 
perature to be controlled in a manner which is substan- 
tially independent of fluctuations in the pressure of 
so mains water supply and fluctuations in the supply tem- 
perature. 

The heater assembly 102 also, by virtue of its im- 
proved thermal conduction and response time, is able 
to operate at a lower operating temperature than re- 
55 quired in heating elements of prior art devices for this 
purpose. Where for example in a prior art device a heat- 
ing element is immersed in the water within the chamber 
there has been a tendency for the heating element to 
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become furred in use so that it rapidly becomes ineffi- 
cient. The heater assembly of the present invention is 
less susceptible to furring since it operates at a lower 
temperature. 

The heating apparatus 100 of Figure 7 may alter- 
natively include a flow valve of a type which includes a 
time delay facility such that the flow is shut off a few sec- 
onds after the minimum flow rate is selected. Additional 
cooling of the heating apparatus is thereby provided to 
reduce the initial temperature of water when the valve 
is turned on after only a short delay. Such a time delay 
facility will not however generally be necessary because 
of the inherent low thermal capacity of the heater as- 
sembly 1 02. The temperature sensor 1 07 may comprise 
a thermistor or like device formed on the thick film circuit 
of the heating element at a location adjacent to the outlet 
6. 

A further alternative heating apparatus 120 is 
shown in Figures 9 and 10 and will be described using 
corresponding reference numerals to those of Figures 
7 and 8 where appropriate for corresponding elements. 

The apparatus 120 is similar to the apparatus 100 
shown in Figures 7 and 8 and is intended for the supply 
of hot water for a domestic shower unit. The apparatus 
120 has an inlet pipe 5 which is lowermost so that water 
rises through a vessel 121 to emerge from outlet pipe 6 
which is uppermost. The vessel 121 defines a zig-zag 
pathway 122 through which the water travels and is 
overlaid by a heater assembly 102 having a heating el- 
ement 10 which follows generally the pathway 122. 

The heating element 10 is formed in the same way 
as that of apparatus 1 00 and comprises a conductive 
track formed as a thick film circuit on dielectric layer 75 
which in turn is formed on a metal substrate forming part 
of the vessel 121. 

Apparatus 120 includes a temperature sensor 107 
comprising a thermistor formed as a resistive track on 
the dielectric layer 75. The temperature sensor 107 ex- 
tends into proximity with the outlet pipe 6 so as to enable 
the outlet water temperature to be sensed. 

A thermal fuse 123 is connected in line with the 
heating element 10 and is mounted on the dielectric lay- 
er 75 as part of the thick film circuit. The thermal fuse 
123 is operable to shut off current through the heating 
elements 1 0 when the temperature of the heater assem- 
bly 102 exceeds a safety limit. 

Apparatus 120 includes a control unit 106 perform- 
ing the same function as that described with reference 
to apparatus 100 but the control unit of apparatus 120 
is formed as part of the same thick film circuit constituted 
by the heating elements 10, temperature sensor 107 
and current regulating circuit 104. Components of the 
control unit 106 are surface mounted on the dielectric 
layer 75 at a location close to the inlet pipe 5 at which 
location the metal substrate of the heater assembly 1 02 
is kept cool by the flow of cold water entering the vessel 
121. 

The heater assembly 102 is overlaid by a front cover 



124 shown partially in Figure 10 and a temperature set- 
ting control 1 1 1 extends through the front cover so as to 
be accessible for the setting of the required tempera- 
ture. 

5 A further alternative heating apparatus comprising 
a kettle 130 is shown in Figures 11 and 12 and will be 
described using corresponding reference numerals to 
those of preceding figures where appropriate for corre- 
sponding elements. 

The kettle 130 comprises a vessel 131 defining an 
outlet spout 132 and having a removable lid 1 33 and in 
this respect resembles a conventional electric kettle. 
The kettle 130 however is heated by means of a heater 
assembly 134 comprising a stainless steel plate 135 
which forms an integral part of the vessel 1 31 . The plate 

135 also constitutes the substrate of a thick film circuit 

136 in which a dielectric layer 75 is formed on the plate 
and carries a heating element 10 in the form of a con- 
ductive track as shown in Figure 12. 

A current regulating circuit 104 forms part of the 
thick film circuit 136 and operates to both control and 
regulate current passing through the heating element 1 0 
and is connected to a side operated switch 137 which 
is mounted so as to be manually accessible. 

The vessel 131 is supported on a base 138 which 
encloses the thick film circuit 1 36 so as to exclude water 
and to thermally and electrically isolate the heater as- 
sembly from contact with a supporting surface. 

A steam sensor 1 39 is connected to the current reg- 
ulating circuit 104 and is located on the vessel 131 so 
as to provide a signal indicating that water within the 
vessel is boiling. 

The heating element 10 is also used to sense the 
temperature of the plate by means of suitable circuitry 
within the circuit 104 arranged to measure the resist- 
ance of the heating element. The switch 1 37 is provided 
with an "off" position, an "on" position corresponding to 
a water boiling mode and also an intermediate position 
corresponding to a water simmering mode in which tem- 
perature is controlled at 90°C by regulating the current 
through the heating element 10 in response to the 
sensed temperature. In this intermediate position of the 
switch 137, water can be kept simmering in readiness 
for being rapidly re-heated to boiling point when re- 
quired. 

The steam sensor 1 39 is arranged to sense boiling 
of the water in the kettle in response to which current 
through the heating element 1 0 is reduced by the means 
of the current regulating circuit 104. 

Assembly of the kettle 1 30 is therefore simpler than 
in prior art kettles because the circuitry and heating el- 
ement are integrated onto a single substrate assembly. 
The current regulating circuit 104 includes a triac circuit 
enabling the current through the heating element 10 to 
be continuously varied in order to maintain the water 
temperature at a required level in the intermediate set- 
ting of the control switch 1 37. A thermal fuse (not shown) 
is also included in the heating element 10 and is ar- 
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ranged to cut off current in the event of temperature ex- 
ceeding 150°C 

The current regulating circuit 104 may be arranged 
to automatically switch the status of the switch 1 37 from 
the boiling setting to the intermediate setting in response 
to boiling point being sensed by the steam sensor 139. 
Such an arrangement avoids the problem of an unat- 
tended kettle automatically switching off in response to 
boiling point having been reached and the water having 
cooled excessively when it is required for use. By main- 
taining the temperature close to boiling point in the in- 
termediate setting of the switch the water can be rapidly 
returned to boiling point when required. 

The switch 1 37 may alternatively be a key pad hav- 
ing light emitting diode indicators as to the mode in 
which the circuit 104 is operating. 

Kettle 130 is provided with a conventional mains 
socket 140 for connection to a domestic mains supply. 



Claims 

1. Heating apparatus (100,120) comprising a vessel 
(2) defining a chamber for heating liquid, and an 
electric heating element (10) which is arranged to 
heat a heated portion of the vessel and which com- 
prises a conductive track (1 7) of a thick film printed 
circuit, the thickfilm printed circuit comprising a plu- 
rality of dielectric layers with the conductive track 
(17) being formed on an uppermost dielectric layer 
and a lowermost layer being adhered to a metal 
substrate constituted by the heated portion of the 
vessel, and characterised in that the coefficient of 
thermal expansion of the uppermost dielectric layer 
is approximately equal to that of the conductive 
track and the coefficient of thermal expansion of the 
lowermost dielectric layer is approximately equal to 
that of the metal substrate. 

2. Heating apparatus as claimed in Claim 1 , charac- 
terised in that the metal substrate comprises a 
stainless steel substrate with a chromium oxide sur- 
face layer formed by firing the stainless steel sub- 
strate at a temperature in the range 850°C to 900°C 
inclusive to which chromium oxide surface layer 
said lowermost dielectric layer is adhered. 

3. Heating apparatus as claimed in Claim 1 or Claim 
2 including temperature sensing means comprising 
a thermistor formed as a conductive track (17) of 
measurable resistance on the thick film circuit. 

4. Heating apparatus as claimed in Claim 3 including 
a thermal cut-out connected to the temperature 
sensing means and arranged to cut off the flow of 
electric current through the heating element when 
the temperature sensed by the temperature sens- 
ing means exceeds a limiting value. 



5. Heating apparatus as claimed in Claim 3 compris- 
ing a control means (1 06) connected to the temper- 
ature sensing means (17) and a current regulating 
circuit (104) operable to regulate current flowing 

5 through the heating element in response to a control 
signal from the control means (106). 

6. Heating apparatus as claimed in Claim 4 wherein 
the vessel includes an inlet (56) connectable in use 

10 to a source of liquid, an outlet (6) for the delivery of 
heated liquid from the chamber, and wherein the 
temperature sensing means (17,107) extends into 
proximity with the outlet so as to be operable to 
sense the temperature of liquid flowing from the out- 

15 let. 

7. Heating apparatus as claimed in Claim 6 wherein 
the current regulating circuit is located adjacent to 
the inlet. 

20 

8. Heating apparatus as claimed in Claim 5 further 
comprising a valve (108) connected in series with 
the inlet and operable to continuously vary the flow 
of liquid through the chamber, the valve being pro- 

25 vided with a valve sensor operable to provide a dis- 
abling signal (110) to the control means (106) rep- 
resentative of the valve setting to provide a flow rate 
of liquid below a threshold level, wherein the control 
means (106) is operable to turn off the current to 

30 the heating element in response to the disabling sig- 
nal. 

9. Heating apparatus as claimed in Claim 5 or Claim 
6 wherein the control means (106) is formed as a 

35 thickfilm circuit on the steel substrate of the heating 
element. 

1 0. Heating apparatus (30) as claimed in any preceding 
claim comprising an air duct (35) and blower means 

*o (38) operable to provide air through the duct and 
wherein at least the heated portion (70) of the ves- 
sel is located within the duct whereby the apparatus 
is operable to supply heated liquid and/or heated 
air. 

45 

11. Heating apparatus as claimed in any preceding 
claim comprising a thermal fuse in line with the heat- 
ing element and constituted by an element which is 
integrally formed on the thickfilm circuit (10) of the 

so heating element. 



PatentansprOche 

55 1 . Heizvorrichtung (1 00, 1 20), mit einem Behalter (2), 
dereine Kammer fur das Beheizen einer Flussigkeit 
bildet, und mit einem elektrischen Heizelement 
(10), das derart angeordnet ist, daG es einen be- 
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heizbaren Bereich des Behalters beheizt, und das 
eine leitende Bahn (17) aus einer gedruckten Dick- 
schichtschaltung aufweist, wobei die gedruckte 
Dickschichtschaltung eine Vielzahl von dielektri- 
schen Schichten aufweist, wobei die leitende Bahn s 
(17) auf einer obersten dielektrischen Schicht aus- 
gebildet ist und eine unterste Schicht an einem Me- 
tallsubstrat haftet, welches von dem beheizbaren 
Bereich des Behalters gebildet wird, 
dadurch gekennzeichnet, 10 



we ist, 

und wobei die TemperaturmeGeinrichtung (17, 
107) sich bis in die Nahe des Auslasses er- 
streckt, so daG sie derart betreibbar ist, daG sie 
die Temperatur der aus dem AuslaG f lieGenden 
Flussigkeit miGt. 

7. Heizvorrichtung nach Anspruch 6, 

wobei die Strom regulierschaltung in der Nahe des 
Einlasses angeordnet ist. 



daG der Warmeausdehnungskoeffizient der 
obersten dielektrischen Schicht ungetahr 
gleich dem der leitenden Bahn ist, 
und daQ der Warmeausdehnungskoeffizient is 
der untersten dielektrischen Schicht ungefahr 
gleich dem des Metal Is ubst rats ist. 

2. Heizvorrichtung nach Anspruch 1, 

dadurch gekennzeichnet, 20 
daG das Metal Isubstrat ein rostfreies Stahlsubstrat 
mit einer ChromoxidOberflachenschicht aufweist, 
die durch Brennen des rostfreien Stahlsubstrats bei 
einer Temperatur in einem Bereich von 850 °C bis 
900 °C einschlieGlich gebildet ist, wobei an der 25 
Chromoxid-Oberflachenschicht die unterste dielek- 
trische Schicht haftet. 

3. Heizvorrichtung nach Anspruch 1 oder 2, 

die eine TemperaturmeGeinrichtung mit einem 30 
Thermistor aufweist, der als leitende Bahn (17) mit 
einem meGbaren Widerstand auf der Dickschicht- 
schaltung gebildet ist. 



8. Heizvorrichtung nach Anspruch 5, 

dieferner ein Ventil (108) aufweist, das in Reihe mit 
dem EinlaG geschaltet und derart betreibbar ist, 
daG es die Stromung der Flussigkeit durch die Kam- 
mer kontinuierlich andert, wobei das Ventil mit ei- 
nem Ventilsensor versehen ist, der so betreibbar ist, 
daG er ein Abschaltsignal (110) an die Steuerein- 
richtung (106) liefert, welches fur die Ventileinstel- 
lung reprasentativ ist, urn fur eine Stromungsrate 
der Flussigkeit unterhalb eines Schwellwertpegels 
zu sorgen, wobei die Steuereinrichtung (1 06) derart 
betatigbar ist, daG sie in Abhangigkeit von dem Ab- 
schaltsignal den Strom zu dem Heizelement ab- 
schaltet. 

9. Heizvorrichtung nach Anspruch 5 Oder 6, 

wobei die Steuereinrichtung (106) als Dickschicht- 
schaltung auf dem Stahlsubstrat des Heizelemen- 
tes ausgebildet ist. 

10. Heizvorrichtung nach einem der vorhergehenden 
Anspruche, 



4. Heizvorrichtung nach Anspruch 3, 35 
die einen thermischen Sicherheitsausschalter auf- 
weist, der an die TemperaturmeGeinrichtung ange- 
schlossen und so ausgebildet ist, daG er den Strom- 
fluG des elektrischen Stromes durch das Heizele- 
ment unterbricht, wenn die von der Temperatur- *o 
meGeinrichtung gemessene Temperatur einen 
Grenzwert Gberschreitet. 



die eine Luftleitung (35) und eine Geblaseein- 
richtung (38) aufweist, welche derart betreibbar 
ist, daG sie Luft durch die Leitung liefert, 
und wobei zumindest der beheizte Bereich (70) 
des Behalters sich innerhalb der Leitung befin- 
det, so daG die Vorrichtung derart betatigbar ist, 
daG sie beheizte Flussigkeit und/oder beheizte 
Luft liefert. 



5. Heizvorrichtung nach Anspruch 3, 

die eine Steuereinrichtung (106), welche an die *s 
TemperaturmeGeinrichtung angeschlossen ist, und 
eine Stromregulierschaltung (104) aufweist, die in 
der Weise betreibbar ist, daG sie den durch das Hei- 
zelement flieGenden Strom in Abhangigkeit von ei- 
nem Steuersignal von der Steuereinrichtung (106) so 
reguliert. 

6. Heizvorrichtung nach Anspruch 4, 

wobei der Behalter einen EinlaG (5), der im Be- ss 
trieb an eine Flussigkeitsquelle anschlieGbar 
ist, und einen AuslaG (6) fur die Abgabe von 
beheizter Flussigkeit aus der Kammer auf- 



11. Heizvorrichtung nach einem der vorhergehenden 
Anspruche, die eine thermische Sicherung auf- 
weist, welche in Reihe mit dem Heizelement ge- 
schaltet und von einem Element gebildet ist, das auf 
der Dickschichtschaltung (10) des Heizelementes 
integral geformt ist. 



Revendications 

1 . Appareil de chauffage (1 00, 1 20) comprenant un re- 
cipient (2) definissant une chambre pour chauffer 
un liquide et un element chauffant electrique (10) 
qui est dispose pour chauffer une partie chauffee 
du recipient et qui comprend une piste conductrice 
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(17) d'un circuit imprime a film 6pais, le circuit im- 
prime a film epais comprenant plusieurs couches 
dieiectriques avec la piste conductrice (17) etant 
form6e sur une couche dieiectrique extreme sup6- 
rieure et une couche extreme inf6rieure adh6rant 
au substrat m6tallique constitu6 par une portion 
chauftee du recipient, et caract6ris6 en ce que le 
coefficient de dilatation thermique de la couche die- 
lectrique extreme sup6rieure est approximative- 
ment egale a celle de la piste conductrice et le coef- 
ficient de dilatation thermique de la couche di6lec- 
trique extreme inferieure est approximativement 
egale a celle du support en metal. 

2. Appareil de chauffage selon la revendication 1 , ca- 
racterise en ce que le support en metal comprend 
un support d'acier inoxydable avec une couche de 
surface en oxyde de chrome formee par chauffage 
du support d'acier inoxydable a une temperature 
comprise entre 850°C et 900°C inclus, temperature 
a laquelle la couche de surface en oxyde de chrome 
adhere a ladite couche dieiectrique extreme infe- 
rieure. 

3. Appareil de chauffage selon la revendication 1 ou 
la revendication 2, qui comprendun moyen de de- 
tection de la temperature comprenant un thermistor 
form6 d'une piste conductrice (17) de resistance 
mesurable sur le circuit a film 6pais. 

4. Appareil de chauffage selon la revendication 3, 
comprenant une coupure thermique connectee au 
moyen de detection de la temperature et disposee 
de maniere a interrompre le passage du courant 
eiectrique a travers reiement chauffant (10) quand 
la temperature detectee par le moyen de detection 
de la temperature depasse une valeur limite. 

5. Appareil de chauffage selon la revendication 3 com- 
prenant un moyen de commande (1 06) connecte au 
moyen de detection de la temperature et un circuit 
de regulation de courant-(104) pouvant etre utilise 
pour regler le courant traversant reiement chauffant 
en reaction a un signal de commande provenant du 
moyen de commande (106). 

6. Appareil de chauffage selon la revendication 4 dans 
lequel le recipient comprend une entr6e (5) pouvant 
etre connectee en service a une source de liquide, 
une sortie (6) pour la fourniture du liquide chauff 6e 
provenant de la chambre et dans lequel le moyen 
de detection de temperature (107) est dispose a 
proximite de la sortie de maniere a pouvoir §tre uti- 
lise pour detecter la temperature du liquide sortant 
de la sortie. 

7. Appareil de chauffage selon la revendication 6, 
dans lequel le circuit de regulation de courant est 



situ6 pr6s de I'entree. 

8. Appareil de chauffage selon la revendication 5, 
comprenant en outre, une vanne (108) connectee 

s en s6rie a I'entree (5) et pouvant etre utiiisee pour 
faire varier en continu le passage du liquide a tra- 
vers la chambre, la vanne etant 6quipee d'un de- 
tecteur de vanne pouvant etre utilise pour fournir un 
signal d'interruption (1 1 0) au moyen de la comman- 
de (106) correspondant au reglage de la vanne 
fournissant un debit de liquide inferieur a une valeur 
limite, dans lequel le moyen de commande (106) 
peut etre utilise pour interrompre le courant vers 
reiement chauffant en reaction au signal d'interrup- 
tion. 

9. Appareil de chauffage selon la revendication 5 ou 
la revendication 6, dans lequel le moyen de com- 
mande (106) est form6 d'un circuit a film 6pais sur 
le support d'acier de reiement chauffant. 

10. Appareil de chauffage selon rune quelconque des 
revendications precedentes, comprenant une gai- 
ne a air (35) et une souff lante (38) pouvant etre uti- 
iisee pour envoyer de I'air dans la gaine et dans le- 
quel au moins la partie chauffee (70) du recipient 
est situee dans la gaine, I'appareil pouvant etre uti- 
lise pour fournir un liquide chauffe et/ou de I'air 
chauffe. 

11. Appareil de chauffage selon I'une quelconque des 
revendications precedentes, comprenant un fusible 
thermique en ligne avec reiement chauffant et 
constitue par un element qui fait partie integrante 
du circuit a film epais (10) de reiement chauffant. 
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